Introduction To date, there are no prospective randomized studies that compare the outcome of endoscopic repair of primary versus recurrent inguinal hernias. It is therefore now attempted to answer that key question on the basis of registry data. Patients and methods In total, 20,624 patients were enrolled between September 1, 2009, and April 31, 2013. Of these patients, 18,142 (88.0 %) had a primary and 2482 (12.0 %) had a recurrent endoscopic repair. Only patients with male unilateral inguinal hernia and with a 1-year follow-up were included. The dependent variables were intra-and postoperative complications, reoperations, recurrence, and chronic pain rates. The results of unadjusted analyses were verified via multivariable analyses. Results Unadjusted analysis did not reveal any significant differences in the intraoperative complications (1.28 vs 1.33 %; p = 0.849); however, there were significant differences in the postoperative complications (3.20 vs 4.03 %; p = 0.036), the reoperation rate due to complications (0.84 vs 1.33 %; p = 0.023), pain at rest (4.08 vs 6.16 %; p \ 0.001), pain on exertion (8.03 vs 11.44 %; p \ 0.001), chronic pain requiring treatment (2.31 vs 3.83 %; p \ 0.001), and the recurrence rates (0.94 vs 1.45 %; p = 0.0023). Multivariable analysis confirmed the significant impact of endoscopic repair of recurrent hernia on the outcome. Conclusion Comparison of perioperative and 1-year outcome for endoscopic repair of primary versus recurrent male unilateral inguinal hernia showed significant differences to the disadvantage of the recurrent operation. Therefore, endoscopic repair of recurrent inguinal hernias calls for particular competence on the part of the hernia surgeon.
On the basis of the meta-analyses, the European Hernia Society recommends endoscopic inguinal hernia techniques for recurrent hernias after conventional open repair [8] . Likewise, the International Endohernia Society recommends, with a high level of evidence, TEP and TAPP for repair of recurrent hernia as the preferred alternative to tissue repair and to the Lichtenstein repair after prior anterior repair [9] . In the Consensus Development Conference of the European Association of Endoscopic Surgery, TEP and TAPP are preferred in patients with a recurrent groin hernia after open repair. Repeat endoscopic repair is only feasible when the surgeon has a high level of experience in repeat endoscopic groin hernia repair [10] .
To date, there is only one prospective study, published in German language, with 338 patients comparing endoscopic repair of primary and recurrent inguinal hernias in TEP technique [11] . In the TEP repair group of recurrent inguinal hernias, a higher incidence of injury to the peritoneum and a higher occurrence of bleeding from the epigastric vessels were observed (p = 0.03). The postoperative complication rate was identical in the two groups, amounting to 5.1 and 5.7 %, respectively. No differences were found between the two groups on 1-year follow-up.
By analyzing data from the Herniamed Registry [12] , this paper now performs such a comparison in order to get a better estimate of the perioperative and 1-year outcome of repair of primary versus recurrent hernia on the basis of a large patient sample size.
Patients and methods
The Herniamed Registry is a multicenter, internet-based Hernia Registry [12] into which 425 participating hospitals and surgeons engaged in private practice (Herniamed Study Group) had entered data prospectively on their patients who had undergone hernia surgery. All postoperative complications occurring up to 30 days after surgery are recorded. On 1-year follow-up, postoperative complications are once again reviewed when the general practitioner and patient complete a questionnaire. This present analysis compares the prospective data collected for all male patients with a minimum age of 16 years, who had undergone elective primary or recurrent unilateral inguinal hernia repair using either transabdominal preperitoneal patch plasty (TAPP) or total extraperitoneal patch plasty (TEP).
In total, 20,624 patients were enrolled between September 1, 2009, and August 31, 2013. Of these patients, 18,142 (88.0 %) had a primary endoscopic repair and 2482 (12.0 %) had a recurrent endoscopic repair. All the patients had to have a 1-year follow-up (follow-up rate: 100 %).
The demographic and surgery-related parameters included age (years), BMI (kg/m 2 ), ASA classification (I, II, III, IV) as well as EHS classification (hernia type: medial, lateral, femoral, scrotal. Defect size: grade I = \ 1.5 cm, grade II = 1.5-3 cm, grade III [ 3 cm) [13] , and general risk factors (nicotine, COPD, diabetes, cortisone, immunosuppression, etc.) . Risk factors were dichotomized, i.e., 'yes' if at least one risk factor is positive and 'no' otherwise.
The dependent variables were intra-and postoperative complication rates, number of reoperations due to complications as well as the 1-year results (recurrence rate, pain at rest, pain on exertion, and pain requiring treatment).
All analyses were performed with the software SAS 9.2 (SAS institute Inc. Cary, NY, USA) and intentionally calculated to a full significance level of 5 %, i.e., they were not corrected in respect of multiple tests, and each p value B0.05 represents a significant result. To discern differences between the groups in unadjusted analyses, Fisher's exact test was used for categorical outcome variables, and the robust t test (Satterthwaite) for continuous variables.
To rule out any confounding of data caused by different patient characteristics, the results of unadjusted analyses were verified via multivariable analyses in which, in addition to primary or recurrent operation, other influence parameters were simultaneously reviewed.
To identify influence factors in multivariable analyses, the binary logistic regression model for dichotomous outcome variables was used. Estimates for odds ratio (OR) and the corresponding 95 % confidence interval based on the Wald test were given. For influence variables with more than two categories, one of the latter forms was used in each case as reference category. For age (years) the 10-year OR estimate and for BMI (kg/m 2 ) the 5-point OR estimate were given. Results are presented in tabular form, sorted by descending impact.
Results

Unadjusted analysis
In the endoscopic recurrent operation group, the recurrent operation was performed for n = 1528/2482 (61.6 %) patients following the open suture technique, for n = 718/ 2482 (28.9 %) after open mesh repair, and for n = 233/ 2.482 (9.4 %) following laparoscopic mesh repair. In terms of age, those patients with recurrent operations were significantly older (p \ 0.001). No significant difference was noted in BMI (Table 1) .
The unadjusted tests aimed at discerning any relationship between operation type (primary vs recurrent operation), and the categorical influence variables showed a highly significant relationship between the ASA classification, hernia size, and all EHS classifications (in each case, p \ 0.001) ( As regards the risk factors, global analysis, i.e., at least one risk factor, likewise revealed a highly significant difference between the primary and recurrent operation (p \ 0.001). Of patients with recurrences, 30.1 % had at least one risk factor, while this applied to 25.3 % of patients with a primary inguinal hernia.
As regards the individual risk factors too, the corresponding rates were sometimes significantly higher for recurrent operations (Table 2) .
No difference was observed in the intraoperative complication rates between endoscopic primary and recurrent operations (Table 3) . Postoperative complications, complication-related reoperations as well as the recurrence rate, pain at rest, pain on exertion, and pain requiring treatment on 1-year follow-up were significantly higher after endoscopic recurrent operations than after endoscopic primary operation (Table 3) .
Multivariable analysis
The results of multivariable analysis of the postoperative complication rates are illustrated in Table 4 (model matching p \ 0.001). The probability of postoperative complications was essentially determined by the scrotal EHS classification (p \ 0.001). Likewise, a highly significant impact was exerted by hernia defect sizes, age, BMI, and lateral EHS classification on onset of postoperative complications (in each case, p \ 0.001). Scrotal EHS classification [OR 2.558 (1.845; 3.548 Table 6 illustrates the results of multivariable analysis of the parameters implicated in onset of recurrences on 1-year follow-up (model matching: p \ 0.001). Here, the BMI emerged as the strongest influence factor (p = 0.004). A 5-point higher BMI increased the recurrence rate [5-point OR 1.304 (1.089; 1.562)]. Likewise, medial EHS classification significantly increased the recurrence rate on follow-up [OR 1.682 (1.144; 2.471); p = 0.008]. The ASA status, too, had a significant effect on the recurrence rate on follow-up, something which, however, cannot be unequivocally specified in the categories (p = 0.039). Conversely, for a primary operation only a tendentially predictive effect could be demonstrated [OR 0.710 (0.491; 1.027 
The results of multivariable analysis of pain at rest on 1-year follow-up are summarized in Table 7 (model matching: p \ 0.001). That was highly significantly influenced by the operation type (p \ 0.001). A primary operation reduced the risk of pain at rest [OR 0.661 (0.550; 0.794)] . With an overall prevalence of 4.3 %, that corresponds to 35 patients with pain at rest for every 1000 primary operations compared with 51 patients with pain at rest for patients with recurrent operations.
Likewise, BMI and hernia defect size had a highly significant impact (in each case, p \ 0.001). A higher BMI increased the risk of pain at rest 1.406 Equally, pain on exertion on follow-up, whose results are summarized in Table 8 (model matching: p \ 0.001), was highly significantly influenced by the operation type (p \ 0.001).
Conduct of a primary operation was associated with highly significantly less pain on exertion [OR 0.667 (0.581; Likewise, age, hernia defect size, and BMI exerted a highly significant impact on pain on exertion (in each case, p \ 0.001). In this regard, the probability of occurrence of pain on exertion declined with higher age 0.865 0.940) ] reduced the risk of chronic pain requiring treatment. Conversely, the risk of pain was increased by a 5-point higher BMI 1.570)] .
)] as well as in the presence of larger
With an overall prevalence of 2.5 %, the impact of the operation type on onset of pain requiring treatment would mean that some 19 out of every 1000 patients with primary operation suffer from pain requiring treatment compared to 31 out of every 1000 patients with recurrent operation.
Analysis of the intraoperative complications (model matching: p [ 0.001) showed that only for medial EHS classification was a significant relationship identified. Here, the risk of intraoperative complications was reduced for patients with medial EHS classification [OR 0.564 (0.372; 0.855)] . No significant impact was identified for any of the other parameters.
Discussion
The heterogeneous nature of recurrent hernias makes RCTs in this field difficult and time-consuming, particularly when the previous repair has to be taken into consideration [1] . Accordingly, to date there are no RCTs comparing the outcome of endoscopic repair of primary versus recurrent hernias. Large hernia registries are a valuable way of obtaining information on recurrent groin hernia surgery [1] .
In this present analysis of data from the Herniamed Registry [12] , the outcome of endoscopic repair of 18,142 primary hernias was compared with that of 2482 recurrent inguinal hernias on the basis of the perioperative complications and the 1-year follow-up. To enhance comparability, only male unilateral inguinal hernias for which the corresponding 1-year follow-up information was available were analyzed. Based on the Guidelines der European Hernia Society [8] , the International Endohernia Society [9] , and the European Association of Endoscopic Surgery [10] , endoscopic repair of recurrent inguinal hernias was performed in 61.6 % of cases following previous open suture technique, in 28.9 % following previous open mesh repair, and only in 9.4 % of cases after previous endoscopic mesh repair.
The potential risk factors identified for onset of recurrences following inguinal hernia surgery were high age, higher BMI, smoking, hernia type, and certain diseases (COPD, diabetes mellitus, aortic aneurysm, immunosuppression, etc.) [2] .
Certain conclusions can be drawn, with regard to onset of inguinal hernia recurrences, from the proportion of these risk factors implicated in the two comparison groups. For example, this present analysis did not identify any significant difference between the two comparison groups in terms of mean BMI, proportion of smokers, and immunosuppressed patients. However, significant differences were found between the primary and recurrent inguinal hernia groups with regard to age, proportion of patients with a history of COPD, diabetes mellitus, and aortic aneurysm as well as patients who had to take platelet aggregation inhibitors.
On comparing the perioperative outcome of endoscopic repair of primary versus recurrent male unilateral inguinal hernias, no significant difference was discerned with regard to the intraoperative complications (1.28 vs 1.33 %; p = 0.849), but definitely were for the postoperative complications (3.20 vs 4.03 %; p = 0.036) and the complication-related reoperation rates (0.84 vs 1.33 %; p = 0.023). Likewise, multivariable analysis confirmed that the recurrent operation, in addition to scrotal hernia, larger defect size, higher age, and higher BMI, had a negative impact on postoperative complications. That was also true for the complication-related reoperation rates. And while the differences between the two groups are significant in view of the large sample size, the absolute values clearly show that even recurrent hernias can be operated on with a very low perioperative complication rate when using an endoscopic repair technique. Accordingly, patients should be informed in an informed consent discussion that the risk associated with endoscopic inguinal hernia repair is higher for a recurrent operation compared with a primary operation.
Equally, significant differences were seen for all criteria in the results of 1-year follow-up for endoscopic primary repair of primary versus recurrent male unilateral inguinal hernias. For example, significant differences were noted in the recurrence rates (0.94 vs 1.45 %; p = 0.023), pain at rest (4.08 vs 6.16 %; p \ 0.001), pain on exertion (8.03 vs 11.44 %; p \ 0.001), and chronic pain rate requiring treatment (2.31 vs 3.83 %; p \ 0.001). However, multivariable analysis identified the significant impact exerted by the recurrent operation on the recurrence rate only as a trend. Rather, a higher BMI value, higher ASA classification, and medial hernia classification were responsible for re-recurrence.
Multivariable analysis identified the significantly negative impact exerted by a recurrent operation on pain at rest, pain on exertion, and pain requiring treatment. Furthermore, a higher BMI value, smaller defect size, and younger age were implicated in onset of pain after endoscopic inguinal hernia repair.
The present data thus clearly demonstrate that even when an endoscopic recurrent operation is performed in accordance with the guidelines, a poorer outcome must be expected because of the previous operation. In the vast majority of cases, this is due to the fact that even when operating in another anatomic layer for the recurrent operation only rarely is no scarring encountered from the previous operation. As such, the conditions under which a recurrent operation is conducted are generally worse than those prevailing at the time of the primary operation, i.e., not just following previous endoscopic primary hernia operations. Therefore, a recurrent operation, i.e., also following previous open suture and mesh repair, calls for a particularly experienced surgeon. Accordingly, recurrent operations should always be performed by very experienced endoscopic hernia surgeons.
In summary, this present analysis of data from the Herniamed Registry is the first such analysis to demonstrate on the basis of a large prospective patient group the differences in outcome for up to 1 year between endoscopic repair of primary and recurrent inguinal hernia. Even when proceeding in compliance with the guidelines of the international specialist societies, more unfavorable outcomes must be expected for recurrent inguinal hernia. Hence, repair of recurrent hernias calls for particular expertise on the part of the endoscopic hernia surgeons.
